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© Photocurable film adhesives. 



© A solid photocurable film adhesive comprising (I) 
a photocurable material having, on average, more 
than one acrylic group per molecule, at least 20% 
by weight of said material being a urethane acrylate. 
polyester acrylate or a mixture of a urethane " 
^acrylate and a polyester acrylate, (II) as sole or 
-major solid film-forming component, a solid poly- 
vinylacetal and (III) a photoinitiator for 
photopolymerisation of acrylic compounds. 

The film adhesive is useful in the production of 
data-carrying laminates such as identity cards. ^ 
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This invention relates to adhesives for use in 
the production of data-carrying lanninates, for ex- 
ample security cards, such as identity cards, credit 
cards or access control cards, or laminated pass- 
port photographs, and to data-carrying laminates 
produced using such adhesives. 

Security cards such as identity cards and cred- 
it cards conventionally comprise a data-carrying 
sheet of, for example, paper or card, protected by 
a layer of a transparent plastics material. The tatter 
is usually applied to the data-carrying sheet by a 
laminating process. It has been proposed to re- 
place the conventional data-carrying sheet, for ex- 
ample a conventional photographic print carrying 
the data, such as a picture of the card holder, in a 
gelatin surface layer, by a sheet of non-gelatin 
material such as polyester film bearing a computer- 
processed image generated by a video camera and 
printed in ink on the data-carrying sheet. Conven- 
tional methods of bonding the data-carrying sheet 
to the protective plastics sheet rely on the use of a 
hot melt adhesive. These methods have not proved 
satisfactory with video-imaged polyester film, be- 
cause hot melt adhesives give rise to discoloura- 
tion or fading of printing inks used In the produc- 
tion of the image-carrying polyester film and be- 
cause the Image-carrying film and the protective 
plastics sheet can often be separated without de- 
stroying the Image. 

In EP-A-0273012, EP-A-0287516. EP-A- 
0348349 and EP-A-0375609, it has been proposed 
to bond components of security cards using var- 
ious photocurable adhesives. These adhesives are 
generally less suitable for use with non-gelatin 
data-carrying sheets such as video Imaged-polyes- 
ter film, tending to give rise to bonds of lower 
strength and smudging of printing inks. It has now 
been found that effective bonding between such 
data-carrying sheets and protective plastics sheets 
in a security card can be obtained by use of a 
photocurable solid film adhesive comprising a 
photocurable urethane acrylate or polyester ae- 
ry late and a polyvinylacetal, such that the bonded 
layers of the card cannot be separated without 
destroying the image. Furthermore, effective bonds 
can be formed without smudging of, or discoloura- 
tion of, printing inks used in printing the image. 

Accordingly, the present Invention provides In 
one aspect a solid photocurable film adhesive com- 
prising (I) a photocurable material having, on aver- 
age, more than one acrylic group per molecule, at 
least 20% by weight of said material being a 
urethane acrylate, a polyester acrylate or a mixture 
of a ur thane acrylate and a polyester acrylate, (II) 
as sole or major solid film-forming component, a 
solid polyvinylacetal and (III) a photoinitiator for 
photopolymerisation of acrylic compounds. 

In another aspect, the present Invention also 
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provides a data-carrying laminate comprising (A) a 
data-carrying sheet of paper or thermoplastic poly- 
meric material bonded to (B) a transparent protec- 
tive plastics sheet by a film adhesive of the inven- 

5 tion as hereinbefore defined photocured between 
and in contact with (A) and (B). 

The urethane acrylate used as part or all of the 
photocurable component (I) may be an aliphatic, 
cycloaliphatic or aromatic urethane acrylate. In 

10 general, better results are obtained with aliphatic 
and cycloaliphatic urethane acrylates. The urethane 
acrylate may be a reaction product of a 
polyisocyanate, i.e. a material having, on average, 
more than one isocyanate group per molecule, with 

7 5 a substance having at least one hydroxy I group 
and at least one polymerisable acrylic group. For 
example, it may be a reaction product of an al- 
iphatic or cycloaliphatic diisocyanate and an adduct 
of an epoxide resin, such as 1 ,4-butanedioI 

20 diglycidyl ether, with acrylic acid or methacrylic 
acid. Alternatively, the urethane acrylate may be a 
reaction product of a polyol, i.e. a material having, 
on average, more than one hydroxyl group per 
molecule, with a substance having at least one 

25 isocyanate group and at least one polymerisable 
acrylic group; for instance, it may be a reaction 
product of a polyoxyalkylene glycol with 2- 
isocyanatoethyl methacrylate. 

A preferred class of urethane acrylate is a 

30 reaction product of an isocyanate-termlnated poly- 
urethane prepolymer with a hydroxyl group - con- 
taining acrylic compound. Isocyanate-terminated 
polyurethane prepolymers are available commer- 
cially or may be obtained by well established pro- 

35 cedures. They may be prepared, for example, by 
reaction of a polyol, such as a hydroxy-terminated 
polyether or polyester, with a stoichiometric excess 
of a polyisocyanate. 

A preferred Isocyanate-terminated prepolymer 

40 is a reaction product of a polyoxyalkylene glycol 
with a diisocyanate. Suitable polyoxyalkylene 
glycols include polyoxyethylene glycols, polyox- 
ypropylene glycols, polyoxytetramethylene glycols, 
polyoxyalkylene glycols obtained by reacting diols 

45 such as 1 .4-butanediol, neopentyl glycol or 1.6- 
hexanediol with ethylene oxide or propylene oxide, 
and mixtures of two or more thereof; polyox- 
yethylene glycols and polyoxypropylene glycols 
are preferred, especially those having a molecular 

50 weight of 1 000 or more. 

The diisocyanate reacted with the polyoxyal- 
kylene glycol may be an aliphatic diisocyanate 
such as 1 .2-propylene-. 1 ,3-propylene,-l , 2- 
butylene-, 1,4-butyl ne-, pentamethylene-, 

55 hexamethylene-. 2,4,4-trlmethylhexamethylene-, 
2,2.4-trimethylhexamethylene- and 
dodecamethylene- diisocyantes; a cycloatiphatic 
diisocyanate such as 1 ,3-cyclohexylene- and 1 ,4- 

2 
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cyclohexylene- diisocyanates. methyI-2, 4- 
cyclohexylenediisocyanate, methyl- 2,6-cyclohex- 
ylenediisocyanate, 1 ,3-bts(isocyanatomethyl) 

cyclohexane, 1 ,4-bis(isocyanatonnethyl) cyclohex- 
ane, 3-isocyanatomethyl-3,5,5-trimethylcyclohex- 
ylisocyanate (isophorone diisocyanate), and4,4'- 
nnethylenebis(cyclohexytisocyanate); or an aromatic 
diisocyanate such as m-and p-phenylene 
diisocyanates, 2,4- and 2,6- tolylenediisocyanates, 
1 -chloro-2,4-diisocyanatoben2ene, 1 ,4-naph- 

thalenediisocyanate, 4,4^-diphenyl- 
methanediisocyanate and 4,4^-diphenylether 
diisocyanate. Mixtures of two or more of the above 
diisocyanates can be used. Amongst these 
diisocyantes, aliphatic and cycloaliphatic 
diisocyanates are preferred, isophorone 
diisocyanate being an especially preferred reactant. 

The hydroxyl-containing acrylic compound 
reacted with the isocyanate-terminated prepolymer 
is preferably a hydroxyalkyi acrylate or hydroxyal- 
ky! methacrylate such as 2-hydroxyethyl acrylate, 
2-hydroxy propyl acrylate, 3-hydroxy propyl acrylate. 
4-hydroxybutyl acrylate and the corresponding 
methacrylates. Especially preferred compounds are 
2-hydroxyethyl acrylate and 2-hydroxyethyl 
methacrylate. 

Reaction of the isocyanate-terminated 
prepolymer with the hydroxyl-containing acrylic 
compound to give the photocurable urethane ac- 
rylate may be carried out using conventional proce- 
dures, for example by heating at 30-110' C in an 
inert solvent In the presence of a polymerisation 
inhibitor such as hydroquinone. 

Photocurable urethane acrylates of the type 
described above are commercially available. For 
example, they are available from UCB underthe 
trade mark Ebecryi and under the designation IRR. 
They are also available from Ancomer under the 
trade mark Actocryl and under the designation 
LPX. from Harcros under the trade mark Photomer 
and from Craynor under the trade mark Sartomer. 

The photocurable polyester acrylate used as 
part or all of the photocurable component (I) may 
be a polyester modified after formation by a reac- 
tion to introduce, on average, more than one acrylic 
group per molecule. For example, the polyester 
acrylate may be a reaction product of a hydroxyl- 
terminated polyester with an acrylic compound 
having a hydroxyl-reactive group which is a car- 
boxyl group, a carboxylic acid halide group or an 
epoxide group. 

Hydroxyl-terminated polyesters which may be 
/ acrylated as hereinbefore described include reac- 
tion products of dihydric alcohols with a 
stoichiometric deficiency of dicarboxylic acids or 
their anhydrides or halides. Suitable dihydric al- 
cohols for the preparation of such polyesters in- 
clude alkylene glycols such as ethylene glycol, 1 .2- 
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propylene glycol, 1 .3-propylene glycol, 1,4- 
butanedtot, neopentyl glycol, and i ,6-hexanediol; 
oxyalkylene glycols such as reaction products of 
the above mentioned alkylene glycols or dihydric 

5 phenols with ethylene oxide or propylene oxide, 
diethylene glycol, triethylene glycol, higher polyox- 
yethylene glycols, dipropyiene glycol, tripropyiene 
glycol, higher polyoxypropylene glycols and 
potyoxytetramethylene glycols 

10 (polytetrahydrofurans). Suitable dicarboxylic acids 
and anhydrides for the preparation of such polyes- 
ters include aliphatic acids and anhydrides such as 
succinic acid, succinic anhydride, glutaric acid, 
glutaric anhydride, adipic acid, pimelic acid, sub- 

75 eric acid, azelaic acid, sebacic acid, maleic acid, 
maleic anhydride and fumaric acid; cycloaliphatic 
acids and anhydrides such as tetrahydrophthalic 
acid, hexahydrophthalic acid and their anhydrides; 
and aromatic acids and anhydrides such as 

20 phthalic acid, phthalic anhydride, isophthalic acid 
and terephthalic acid- 
Other hydroxyl-terminated polyesters which 
may be acrylated as hereinbefore described are 
reaction products of polyhydric alcohols or alkylene 

25 oxides with carboxyl-terminated polyesters, which 
carboxyl-terminated polyesters may be reaction 
products of dihydric alcohols such as those herein- 
before mentioned with a stoichiometric excess of 
dicarboxylic acids or anhydrides such as those 

30 mentioned above or reaction products of a dicar- 
boxylic acid or anhydride such as those mentioned 
above with a hydroxyl-terminated polyester derived 
from a dihydric alcohol and dicarboxylic acid or 
anhydride as described atx)ve. Suitable polyhydric 

35 alcohols for reaction with a carboxyl-terminated 
polyester to give a hydroxyl-terminated polyester 
include the dihydric alcohols mentioned above and 
higher functional polyhydric alcohols such as 
trimethylolethane, 1 .1 ,1 -trimethylolpropane, pen- 

40 taerythritol. dipentaerythritol, sorbitol and adducts 
of such higher functional alcohols with ethylene 
oxide or propylene oxide. Suitable alkylene oxides 
for reaction with carboxyl-terminated polyesters to 
give hydroxyl-terminated polyesters are ethylene 

45 oxide and propylene oxide. 

The hydroxyl-reactive acrylic compound reac- 
ted with the hydroxyl-terminated polyester to form 
a polyester acrylate may be acrylic acid, acryloyi 
chloride, methacrylic acid, methacryloyi chloride. 

50 glycidyl acrylate. glycidyl methacrylate. a reaction 
product of 1 mol of a hydroxyalkyi acrylate or a 
hydroxyalkyi methacrylate with 1 mol of a dicarbox- 
ylic acid anhydride or an acid halide of such a 
reaction product. Preferably, the hydroxyl-reactive 

55 acrylic compound is acrylic acid, methacrylic acid, j 

acryloyi chloride or methacryloyi chloride. 

The photocurable polyester acrylate may be a 
reaction product of a carboxyl-terminated polyester 

3 



5 



EP 0 514 147 A1 



6 



with an acrylic compound having a carboxyl-reac- 
tive group which is a hydroxy! group or an epoxide 
group. Suitable carboxyl-terminated polyesters in- 
clude those derived fronn a dihydric alcohol and a 

^stoichiometric excess of a dicarboxylic acid or an- 5 
tnydride as hereinbefore described. Other suitable 
v^rboxyl-terminated polyesters are reaction pro- 
ducts of hydroxyl- terminated polyesters, such as 

x lhose described above, with a polycarboxylic acid 

xor a halide or anhydride thereof, such as the dicar- lo 

^ boxylic acids and anhydrides mentioned above and 
higher functional acids and anhydrides such as , 
trimellitic acid, pyromellitic acid, benzophenone 
tetracarboxylic acid and their anhydrides. The 

.,g arboxy l-reacti v e acryl ic compound which is reac- 76 
ted with the carboxyl-terminated polyester to form 

'a^ polyester acrylate may be a hydroxyalkyi ac- . 
rylate or a hydroxyalkyi methacrylate, such as 2- 
hydroxyethyl acrylate, 2-hydroxypropyl acrylate. 3- 
hydroxypropyl acrylate, 4-hydroxybutyl acrylate. v 20 
and the corresponding methacrylates. glycidyl ac- x 
rylate or glycidyl methacrylate. 

Examples of suitable polyester acrylates as 

^hereinbefore described are given in US Patent No: 
4206025, assigned to UCB. Suitable polyester ac- 2s 
rylates are available commercially from UCB under 
the trade mark Ebecryl. 

The urethane acrylate and/pr polyester acrylate \ 
rnay comprise substantially all of the photocurable 
material (I), Where a mixture of urethane acrylate 30 
and polyester acrylate is used, the weight ratio of 
urethane acrylate to polyester acrylate may be 
from 1:99 to 99:1. Alternatively, the photocurable 
material (I) may comprise a mixture of the urethane 
acrylate and/or the polyester acrylate with a 35 
polyacrylic ester of a monomeric polyhydric al- 
cohol, a polyacrylic ester of a polyether polyol or a 
polyacrylic ester of an epoxide resin. The 
polyacrylic ester may comprise from 0.1 to 80%, 
for example 5 to 75%. 10 to 75%, 20 to 75%, 30 to 4o 
75%, 40 to 75%. 50 to 75%, or 60 to 75% by 
weight of the mixture. 

Examples of polyacrylic esters of monomeric 
polyhydric alcohols are polyacrylates and poly- 
methacrylates of glycols, including alkylene glycols 45 
such as ethylene glycol, 1,2 propylene glycol, 1,3- 
propylene glycol, 1 ,4-butanediol, neopentyl glycol 
and 1 ,6-hexanediol and oxyalkylene glycols such 
diethylene glycol, triethylene glycol, dipropylene 
glycol and tripropylene glycol; and polyacrylates so 
and polymethacrylates of higher functional alcohols 
such as glycerol, 1 ,1,1 -trim ethylo I propane, pen- 
taerythritol and adducts of these alcohols with eth- 
ylene oxide or propylene oxide. Suitable 
polyacrylic esters of polyether polyols include 55 
polyacrylates and polymethacrylates of polyols 
such as polyoxyethylene glycols, polyoxypropylene 
glycols and polyoxytetramethylene glycols (poly 



tetrahydrofurans). Examples of polyacrylic esters of 
epoxide resins are adducts of acrylic acid or 
methacrylic acid with polyglycidyl ethers of poly- 
hydric alcohols, such as the polyhydric alcohols 
mentioned above, or of polyhydric phenols, usually 
bisphenols, such as bisphenol A, or novofac resins. 
Polyacrylic esters of monomeric alcohols and 
polyacrylic esters of epoxide resins are preferred 
for use with the urethane acrylate and/or polyester 
acrylate, especially preferred polyacrylic esters be- 
ing 1 , 4-butanediol diacrylate and diacryltc esters 
of advanced, particularly bisphenol A-advanced. 
diglycidyl ethers of bisphenol A. 

In certain preferred embodiments of the inven- 
tion, the photocurable acrylic material (I) comprises 
100% by weight urethane acrylate. or 100% by 
weight polyester acrylate. or a mixture of 95 to 
50%, especially 95 to 85%, by weight polyester 
acrylate with 5 to 50%. especially 5 to 15%, by 
weight urethane acrylate. or a mixture of 20 to 
40%, especially 25 to 35%, by weight of urethane 
acrylate with 80 to 60%, especially 75 to 65%. by 
weight of a polyacrylic ester of a monomeric poly- 
hydric alcohol or a mixture of 50 to 70%. especially 
55 to 65%. by weight polyester acrylate with 50 to 
30%. especially 45 to 35%, by weight of a 
polyacrylic ester of an epoxide resin. 

The polyvinylacetal (II) may be, for example, a 
polyvinylformal, a polyvinylacetal or a polyvinyl- 
butyral. Suitable such polymers are available com- 
mercially. Polyvinylbutyrals are preferred, especial- 
ly those having a softening point of at least 1 50 * C. 
e.g. in the range 150-1 80 *C or at least 200 'C. As 
indicated above, the polyvinylacetal is the sole or 
major solid film-forming component of the film ad- 
hesive of the invention. The amount chosen for a 
particular adhesive is such that the adhesive is a 
solid, self-supporting film. As will be apparent to 
those skilled in the art, this amount can vary ac- 
cording to the nature of the photocurable acrylic 
material (I), the nature of any optional ancillary 
components of the film adhesive and their relative 
amounts. Optimum amounts of a polyvinylacetal (II) 
for a particular adhesive can readily be determined 
by simple experiment. In general, the poly- 
vinylacetal may be present in amounts from 20 to 
150% by weight of the photocurable acrylic ma- 
terial (I). 

If desired, the film adhesive of the invention 
may also contain other solid film-forming polymers, 
for example olefin-vinyl ester copolymers such as 
ethylene-vinyl acetate copolymers, olefln-alkyi ac- 
rylate copolymers such as ethylene-ethy! acrylate 
copolymers, other acrylic polymers, phenoxy res- 
ins, advanced epoxide resins or (non-acrylat d) 
polyurethanes. Preferably, the polyvinylacetal (II) 
comprises at least 50% by weight of the solid film- 
forming content of the film adhesive. 



4 



; <EP 0514147A1J_> 



7 



EP 0 514 147 A1 



8 



The photoiniator (111) may be any of the known 
initiators for the photopolymerisation of acrylic rr\a- 
terials. Thus (III) may be an aromatic carbonyl 
compound, for example a benzoin, a benzoin alkyi 
ether such as the isopropyl or n-butyl ether, an a- 
substituted acetophenone, for example a benzil 
ketal such as benzil dimethyl ketal, an a- 
haloacetophenone such as tri ch I oro methyl p- 
tert.butylphenyl ketone, an a-aminoacetophenone 
such as dimethylaminomethyl phenyl ketone, mor- 
pholinomethyl phenyl ketone and others as de- 
scribed in EP-A-0 003 002, EP-A-0088050, EP 0 
117233 and EP-A-01 38754, a dialkox- 
y acetophenone such as diethoxy acetophenone, or 
an a-hydroxy-acetophenone such as 1-hydrox- 
ycyclohexylphenyt ketone or a benzophenone such 
as benzophenone itself and bis(4-dimethylamino) 
benzophenone; a metallocene, for example a 
titanium metallocene such as bis(7r-methy!- 
cyclopentadienyl) bis-(a-pentafluorophenyl) titanium 
(IV); a Group IV A organometallic compound, for 
example a stannane such as trimethyl benzyl stan- 
nane. tributy! benzyl stannane or dibutyl dibenzyl 
stannane. together with a photoreducible dye, typi- 
cally methylene blue or rose bengal; a quinone, 
such as anthraquinone or camphorquinone, togeth- 
er with an amine having hydrogen attached to an 
aliphatic alpha carbon atom, preferably a tertiary 
amine such as bis (4-dinnethylamino)- ben- 
zophenone and triethanolamine; a thioxanthone. for 
example an alkyl-or halogen- substituted thioxan- 
thone such as 2-isopropylthioxanthone or 2- 
chlorothioxanthone; an acyt phosphine oxide; or a 
mixture of two or more thereof. Preferably, the 
photoinitiator (111) is an a-substituted acetophenone, 
a thioxanthone. a benzophenone or a mixture of 
two or more thereof. In particularly preferred em- 
bodiments, the initiator is an alpha-hydroxy substi- 
tuted acetophenone, an alpha-amino substituted 
acetophenone or a mixture thereof with a 2-alkyl- 
thioxanthone. The photoinitiator can be used in a 
conventional amount, generally from 0.1 to 20%. 
preferably 1 to 10%, by weight of the total 
photopolymerisable content of the film adhesive. 

A film adhesive of the invention may also con- 
tain a liquid photopolymerisable monovinyl mon- 
omer as reactive diluent. This may be helpful in 
reducing the viscosity of compositions from which 
film adhesives of the invention are produced, and 
may be subsequently polymerised during photoc- 
ure of the adhesive. Suitable liquid 
photopolymerisable monovinyl monomers include 
vinyl esters such as vinyl acetate; monoacryiic 
monomers including monoacryiic esters such as 
alkyI acrylates and alkyI methacrylates. for example 
n-butyl acrylate. 2-ethylhexyl acrylate, n-octadecyl 
acrylate and the corresponding methacrylates. 
hydroxyalkyi acrylates and hydroxyalkyi 



methacrylates, for example 2-hydroxyethyl ac- 
rylate. 2-hydroxypropyl acrylate, 3-hydroxypropyl 
acrylate, 4-hydroxybutyl acrylate and the corre- 
sponding methacrylates, and cycloaliphatic mon- 
5 oacrylates and monomethacrylates, for example 
isobornyl acrylate, dicyclopentenyl acrylate and the 
corresponding methacrylates; N-vinyl monomers, 
usually N-vinyl heterocycles such as N-vinylpyr- 
rolidone or N-vinylcaprolactam; and mixture of two 
10 or more thereof. Preferred monovinyl monomers 
are monoacryiic esters such as those mentioned 
above, N-vinyl monomers such as those mentioned 
above and mixtures thereof- Especially preferred 
monovinyl monomers are isobornyl acrylate and N- 
15 vinylpyrrolidone. 

An elastomeric polymer may be included in a 
film adhesive of the invention as a toughening 
agent. Toughening elastomeric polymers are well 
known in the adhesives art; they include polymers 
20 of conjugated dienes such as butadiene or iso- 
prene. which may be homopolymers or copolymers 
with other ethylenlcally. unsaturated materials, usu- 
ally styrene. substituted styrenes and acrylic mon- 
omers such as acrylonitrile. alkyl acrylates and 
25 alkyl methacrylates. These diene polymers may 
have terminal functional groups such as carboxyl or 
vinyl groups. Preferred elastomeric polymers are 
vinyl terminated butadiene-acrylonitrile copolymers, 
particularly those having number average molecu- 
30 lar weights of 500 upwards. 

The film adhesive of the invention may also 
contain other additives conventionally included in 
polymerisable acrylic adhesives, for example poly- 
merisation inhibitors such as hydroquinone and 
35 2.6-dl-tert.butyl-4-methylphenol. adhesion promot- 
ers such as silanes and fillers, such as ground 
glass, which are transparent to actinic radiation. 

Production of the film adhesive may be carried 
out using conventional procedures. In one proce- 
40 dure, a solution of the photocurable acrylic material 
(I), the polyvlnylacetal (II), the photoinitiator (III) 
and. where present, other optional ingredients in a 
volatile solvent such as methanol, ethanol. 
isopropanol, methyl ethyl ketone or methylene 
45 chloride is applied to one or both of the surfaces to 
be bonded or to a release sheet such as silicone- 
coated paper, and the solvent is evaporated to 
leave a solid film of photocurable adhesive. In 
another procedure, the film adhesive may be 
50 formed without the use of solvents by subjecting a 
mixture of the ingredients to heat and pressure, for 
example between rollers, under conditions which 
do not induce polymerisation. In a further proce- 
dure, the ingredients can be heated to form a melt 
55 which is applied in liquid form to one or more of 
th substrates or to a release sheet and then 
solidified on cooling. 

The amount of solvent (where used) and the 
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amount of mixture applied to the surface to be 
bonded or to the release sheet may be adjusted to 
give a solid film adhesive of the desired thickness. 
This thickness may vary according to the sub- 
strates to be bonded. For most applications in 
bonding components of data-carrying laminates, 
film adhesives having a thickness of from lOum to 
50am. e.g. from ZOmm to 35um. are generally 
suitable. When the film adhesive is formed on a 
release sheet it may be stored, for example wound 
in the form of a continuous roll, shielded from 
polymerising radiation until required, when a piece 
of the film may be cut to the desired dimendsions 
and, after removal of the adhering release sheet(s), 
inserted between the substrates to be bonded. 
A film adhesive of the invention is useful in the 
production of data-carrying laminates, for example 
security cards such as identity cards or credit 
cards or laminated passport photographs. In pro- 
ducing such laminates, a data-carrying sheet (A) of 
paper or thermoplastic polymeric material is bon- 
ded to a transparent protective plastics sheet (B) 
by photocuring a film adhesive of the invention 
between, and in contact with, (A) and (B). The data 
carried by the sheet (A) may comprise an image of 
the person to whom the card is to be issued or 
may comprise other pictorial, graphic or al- 
phanumerical data. The invention is particularly 
useful where the sheet (A) carries a video image, 
i.e. an image generated on videotape which has 
been printed on to. the surface of the sheet. The 
data-carrying sheet (A) may be of paper, which 
may comprise cellulosic fibres and/or synthetic 
polymeric fibres such as polyester, polyamide or 
polyolefin fibres or may be of a thermoplastic poly- 
meric film such as cellulose acetate, a polyester, a 
polyvinyl chloride or a polyamide. The invention is 
particularly useful where (A) is a polyester film. The 
protective plastics sheet (B) may be of materials 
conventionally used in protective layers on identity 
cards or credit cards, preferably of polyester or 
polyvinyl chloride. 

In the production of a laminate according to the 
invention, an assembly of (A) the data-carrying 
sheet and (B) the protective plastics sheet, with a 
film adhesive of the invention between, and in 
contact with. (A) and (B). is subjected to actinic 
radiation to cure the adhesive. Prior to irradiation, 
the assembly is preferably subjected to pressure to 
remove entrapped air and heated to soften the film 
adhesive to ensure good contact between the ad- 
hesive and the substrates. The pressure may be 
hand pressure; in commercial processes, the pres- 
sure and heat are more usually applied in a lami- 
nating apparatus such as a laminator conventionally 
used in the production of identity cards. The actinic 
radiation used to effect cure of the film adhesive 
may be exclusively ultraviolet radiation or it may be 
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radiation having wavelengths in both the ultraviolet 
and visible regions of the spectrum. Radiation hav- 
ing a wavelength of 200 to 800 nm, especially 200 
to 500 nm. is preferred. The selection, from com- 

5 mercially available equipment, of a suitable radi- 
ation source emitting radiation within this 
wavelength range is a routine matter for those 
skilled in the art of photocuring. Suitable sources 
include medium pressure mercury arc lamps and 

10 metal halide lamps. Suitable irradiation times may 
similariy be determined readily by those familiar 
with photocuring techniques. 

The invention is illustrated by the following 
Examples, in which all parts are by weight unless 

75 indicated otherwise. 

Example 1: In methanol (90 parts) there are 
dissolved successively Mowital B 70H (a polyvinyl- 
butyral having a softening point above 200 'C avail- 
able from Hoechst) (1 0 parts). Ebecryl 830 (a poly- 

20 ester acrylate available from UCB) (30 parts) and 1- 
hydroxycyclohexyl phenyl ketone (1 part). The re- 
sulting solution is applied, as a layer 75 microm- 
eters thick, to a sheet of f^elinex polyester avail- 
able from ICI. The methanol is evaporated by plac- 

25 ing the coated sheet in an oven at 50 •C for 2 
minutes, to leave a photocurable solid film adhe- 
sive on the sheet. 

A polyester film bearing a printed video image 
is applied to the film adhesive carried on the 

30 Melinex sheet. The resulting assembly is passed 
through a Laminex SL 2 hot roll laminator (available 
from Laminex International) at 135*C and then 
irradiated under a 5000 w metal halide lamp at a 
distance of 75 cm for 10 seconds to photocure the 

35 film adhesive and complete formation of the lami- 
nate. There is no smudging of printing ink used in 
printing the image. The bond between the layers of 
the laminate is secure; on attempting to separate 
the layers, the image is destroyed. 

40 Example 2: The procedure of Example 1 is 

repeated using, instead of the solution used in that 
Example, a solution of Mowital B 70H (100 parts), 
Photomer RCP 4015 (an aliphatic urethane acrylate 
available from Harcros) (25 parts). Ebecryl 830(275 

45 parts) and 1 -hydroxycyclohexyl phenyl ketone (10 
parts) in methanol (900 parts). 

In the data-carrying laminate obtained, there is 
no smudging of printing ink used In printing the 
image. The bond between the layers of the lami- 

50 nate is secure; on attempting to separate the lay- 
ers, the image is destroyed. 

Example 3: The procedure of Example 1 is 
repeated using, instead of the solution used in that 
Example, a solution of Mowital B 70H (100 parts), 

55 Ebecryl 270 (a urethane acrylate available from 
UCB which is a reaction product of hydroxyethyl 
acrylate and an isocyanate - terminated pr polymer 
from a polyoxypropylene glycol and isophorone 

6 
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diisocyanate) (46.4 parts), isobornyi acrylate <67.8 
parts), N-vinylpyrrolidone (38.8 parts), a vinyl-termi- 
nated butadiene-acrytonitrile copolymer having a 
molecular weight of 1300 sold as Hycar Reactive 
Liquid Polymer Type 1300 X 22 by B.F. Goodrich 
Co (38.8 parts), Silane A187 (a silane adhesion 
promoter available from Union Carbide) (2 parts), 
a,a-dimethyl-a-N-morpholino-p<methylthio) aceto- 
phenone (5.8 parts) and 2-isopropylthioxanthone 
(0.5 part) in methanol (900 parts). 

In the data-carrying laminate obtained there is 
no smudging of printing ink used in printing the 
image. The bond between the layers of the lami- 
nate is secure; on attempting to separate the lay- 
ers, the image is destroyed. 

Example 4: The procedure of Example 1 is 
repeated using, in place of the solution used in that 
Example, a solution of Mowital B 70H (100 parts), 
Ebecryl 270(69.6 parts), 1 .4-butanediol diacrylate 
(100 parts), isobornyi acrylate (101.7 parts). N- 
vinylpyrrolidone (58.2 parts). Hycar Reactive Liquid 
Polymer Type 1300 X 22 (58.2 parts), Silane A187 
(3 parts). a.a-dimethyl-a-N-morpholino-p- 
(methylthio)acetophenone (8.7 parts) and 2- 
isopropylthioxanthone (0.7 part) in methanol (900 
parts). 

In the data-carrying laminate obtained, there is 
no smudging of printing ink used in printing the 
image. The bond between the layers of the lami- 
nate is secure; on attempting to separate the lay- 
ers, the image is destroyed. 

Example 5: 

The procedure of Example 1 is repeated using, 
in place of the solution used in that Example, a 
solution of Mowital B 30 HH (a polyvinylbutyral 
having a softening range of 1 50-1 70 'C available 
from Hoechst) (20 parts). Ebecryl 830(15 parts), an 
adduct of 2 mols of acrylic acid with 1 mol of a 1:1 
mixture of diglycidyl ethers of bisphenol A ad- 
vanced by reaction with bisphenol A and having 
epoxide contents of 1.7 mol/kg and 2 mol/kg re- 
spectively (10 parts) and 1-hydroxycyclohexyl phe- 
nyl ketone (2 parts) in methyl ethyl ketone (100 
parts). 

In the data-carrying laminate obtained, there is 
no smudging of printing ink used in printing the 
image. The bond between the layers of the lami- 
nate is secure; on attempting to separate the lay- 
ers, the image is destroyed. 

Claims 

1. A solid photocurable film adhesive comprising 
(I) a photocurable material having, on average, 
more than one acrylic group per molecule, at 
least 20% by weight of said material being a 



urethane acrylate, a polyester acrylate or a 
mixture of a urethane acrylate and a polyester 
acrylate, (II) as sole or major solid film-forming 
component, a solid polyvinytacetal and(lll) a 
5 photoinitiator for photopolymerisation of acrylic 

compounds. 

2. A film adhesive according to claim 1 , in which 
the urethane acrylate is a reaction product of 

10 an isocyanate-terminated polyurethane 

prepolymer with a hydroxyl group-containing 
acrylic compound, the prepolymer being a re- 
action product of a polyol with a stoichiometric 
excess of an aliphatic or cycloaliphatic 

75 diisocyanate. 

3. A film adhesive according to claim 1 or 2, in 
which the polyester acrylate is a reaction prod- 
uct of a hydroxyl-terminated polyester with an 

20 acrylic compound having a hydroxyl-reactive 

group which is a carboxyl group, a carboxylic 
acid halide group or an epoxide group. 

4. A film adhesive according to claim 1 or 2. in 
25 which the polyester acrylate is a reaction prod- 
uct of a carboxyl-terminated polyester with an 
acrylic compound having a hydroxyl group or 
an epoxide group. 

30 5. A film adhesive according to any of the pre- 
ceding claims, in which the photocurable ma- 
terial (I) is a mixture of the urethane acrylate 
and/or polyester acrylate with a polyacrylic es- 
ter of a monomeric polyhydric alcohol or of an 

35 epoxide resin, 

6. A film adhesive according to any of claims 1 to 
4. in which the urethane acrylate and/or the 
polyester acrylate comprise substantially all of 

40 the photocurable material (I). 

7. A film adhesive according to any of the pre- 
ceding claims, in which the polyvinylacetal (II) 
is a polyvinylbutyral. 

45 

8. A film adhesive according to claim 7, in which 
the polyvinylbutyral has a softening point of at 
least 150*C. 

50 9. A film adhesive according to claim 7. in which 
the polyvinylbutyral has a softening point of at 
least 200 -C. 

10, A film adhesive according to any of the pre- 
ss ceding claims, in which the photoinitiator (111) is 
an alpha-substituted acetophenone, a thioxan- 
thone, a benzophenone or a mixture of two or 
more thereof. 
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11. A film adhesive according to any of the pre- 
ceding clainas, which also contains a liquid 
photopofymerisable monovinyl monomer as re- 
active diluent. 

6 

12. A film adhesive according to any of the pre- 
ceding claims, which also contains an 
elastomeric polymer as toughening agent. 

13. A film adhesive according to any of the pre- io 
ceding claims in solution in a volatile solvent. 

14. A data-carrying laminate comprising (A) a data- 
carrying sheet of paper or thermoplastic poly- 
meric material bonded to (B) a transparent i5 
protective plastics sheet by a film adhesive 
according to any of claims 1 to 12 photocured 
between, and in contact with, (A) and (B), 

15. A laminate according to claim 14, in which (A) 20 
is a polyester film and (B) is of a polyester or a 
polyvinyl chloride. 
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